The syndrome of isolated retrograde amnesia refers to a neuropathological state of impaired memory for information acquired prior to the onset of brain damage (retrograde memory) contrasted with normal or near-normal learning of new information after the onset of the disease (anterograde memory). Whereas a more extensive impairment of anterograde memory together with minimal retrograde amnesia is often described in patients with (medial) temporal lobe damage or diencephalic lesions (e.g. Alvarez and Squire, 1995) , disproportionate retrograde memory impairment can be found less frequently in patients with more heterogeneous lesions. Isolated retrograde amnesia is also known as 'focal retrograde amnesia' (e.g. Kapur, 1993 Kapur, , 2000 Evans et al., 1996; Carlesimo et al., 1998a, b; Kopelman, 2000a) , 'pure retrograde amnesia' (e.g. Lucchelli et al., 1998) , or 'selective retrograde amnesia' (e.g. Andrews et al., 1982) .
Although the aetiology and even the existence of the syndrome of retrograde amnesia is controversial [see Kapur (2000) , Kopelman (2000a, b) ], the principal symptom is consistently described as a severe loss of (mainly and mostly episodic) retrograde memory, combined with largely preserved anterograde memory ability. [See Tulving and Markowitsch (1998) for a recent definition of episodic memory.]
A wide variety of aetiologies has been observed in different cases suffering from disproportionate retrograde amnesia. As organic aetiologies, the following were noted most consistently: mild brain injury (Stracciari et al., 1994; De Renzi et al., 1995; Starkstein et al., 1997) , severe traumatic brain injury (Goldberg et al., 1981; Rousseaux et al., 1984; Kapur et al., 1992; Markowitsch et al., 1993a, b; Hunkin et al., 1995; Kapur et al., 1996) , encephalitis (Eslinger and Cermak, 1988; Stuss and Guzman, 1988; O'Connor et al., 1992 O'Connor et al., , 1997 Yoneda et al., 1992; Eslinger et al., 1993 Eslinger et al., , 1996 Hokkanen et al., 1995; Calabrese et al., 1996; Carlesimo et al., 1998a; Levine et al., 1998), hypoxia (De Renzi and Lucchelli, 1993) , vascular pathology (Andrews et al., 1982; Evans et al., 1996;  Correspondence to: Kristina Fast, Department of Physiological Psychology, University of Bielefeld, P.O. Box 100131, D-33501 Bielefeld, Germany. Tel: ϩ49 521 1064484; Fax: ϩ49 521 1066049; e-mail: Kristina.Fast@uni-bielefeld.de Reinvang and Gjerstad, 1998) , epilepsy (transient epileptic amnesia; TEA) (Kapur et al., 1989) and transient global amnesia (TGA) (Roman-Campos et al., 1980; Evans et al., 1993) , suggesting that multifocal lesions produce isolated retrograde amnesia. Patients with more restricted organic brain damage most commonly demonstrate combined bilateral temporal lobe and pre-frontal damage (Damasio, 1989; Markowitsch et al., 1993a, b; Markowitsch, 1995; Kapur, 1997; Kroll et al., 1997; Markowitsch and Ewald, 1997; Levine et al., 1998) . Sometimes damage is centred at both anterior temporal lobes (Tanaka et al., 1999) , the medial temporal lobe structures of both hemispheres (including parts of the hippocampus and amygdala) (Fujii et al., 1999) , or right parieto-occipital and left occipital regions (Hunkin et al., 1995) . A patient with isolated retrograde amnesia and organic pathology was described by Tanaka et al. (1999) . Following herpes simplex encephalitis, patient HK suffered from a persistent isolated retrograde amnesia after damage to the bilateral temporal poles and anterior parts of the inferotemporal lobes with some extensions to anterior parts of the medial temporal lobes as revealed by magnetic resonance imaging (MRI). The lesions were more severe on the left hemisphere, and no pathology was found in the frontal lobes. Standard neuropsychological assessment revealed no impairments in anterograde memory and other cognitive domains. The patient's low verbal IQ was attributed to reduced performance in the information subtest of the Wechsler Adult Intelligence Scale (WAIS; Wechsler, 1981) and was explained by a general semantic knowledge deficit. Her remote memory was severely deteriorated and affected mainly autobiographical events, while both personal and impersonal semantic memories were less impaired. An advantage of recognition performance over performance in free recall was observed in tests of impersonal semantic memory, while retrieval mode had no effect on autobiographical memory. It was suggested that the anterior temporal poles play a critical role in evoking remote memories and possibly contain codes necessary for retrieval processes. Alternatively, Markowitsch (1995) suggested the anterior temporal lobes as a critical relay between the pre-frontal lobes and the posterior association cortices. Retrieval processes, therefore, are assigned to pre-frontal regions. These then are connected via anterior temporal lobes with formerly stored information, situated in posterior association areas.
Predominantly frontal lesions were described in patient ML (Levine et al., 1998) . He sustained a severe head injury with small right frontal lobe and left inferior posterior temporal contusions, a mild diffuse oedema and small bifrontal subdural hygromas [computer tomographic (CT) results 6 days post-trauma]. More than 1 year later, a MRI scan revealed damage in the right ventral frontal cortex, the underlying white matter, as well as in a few other smaller foci. Neuropsychological deficits included minor visuomotor and visuoperceptual problems, possibly caused by a subtle right upper quadrant anopsia, and a low score on an experimental task of strategy application. His disproportionate retrograde amnesia included a general retrieval deficit for semantic knowledge (personal and impersonal) and autobiographical episodes. Additionally, in an experimental task series, the 'remember-know paradigm' (Tulving, 1985) was applied to test different levels of consciousness according to two memory systems: episodic and semantic memory. Levine et al. (1998) suggested the remember-know technique as a sensitive indicator for different memory qualities in patients with (isolated) retrograde amnesia. It is hypothesized that episodic information is processed autonoetically (being aware of one's self across time) and can be measured by 'remember' judgements, while semantic information is processed noetically (being aware of more general, impersonal facts) and can be assessed by 'know' judgements. A clear dissociation of remember and know judgements was found in ML, indicating preserved noetic awareness while autonoetic consciousness, on the other hand, was extremely poor. With regard to prior event-related potential and positron emission tomography (PET) findings, Levine et al. (1998) explained ML's impairment in remember responses and autonoetic awareness by his right frontotemporal disconnection.
More posterior lesions were observed in patient DH (Hunkin et al., 1995) following a closed head injury. Structural MRI revealed lesions in the right parieto-occipital and left occipital lobes. Temporal, frontal or diencephalic lesions could not be identified. Neuropsychological assessment indicated a severe loss of personal and public remote memory accompanied by visual anterograde memory impairments. DH's pattern of deficits can be explained by a model of Damasio (1989) . He proposed that episodic memory is represented in a multimodal fashion, and assumed that different aspects of an episode are stored unimodally in the sensory cortices in which they were originally registered. Recalling of an episode therefore requires similar neural activity patterns to those which occurred when the event was initially perceived. It is suggested that DH's lesions disrupted transmission of information either from visual activity in the posterior cortex to multimodal convergence zones or vice versa, resulting in a change in neural activity patterns and exacerbating recall.
As exemplified above, multiple lesions are associated with isolated retrograde amnesia. Accordingly, it is possible that different brain regions contribute to different aspects of remote memory processes resulting in similar observable deterioration.
From a theoretical point of view, bilateral hippocampal lesions are also considered likely to evoke autobiographical memory loss. In the multiple trace model of Nadel and Moscovitch (1997) [see also Moscovitch and Nadel (1999) ] it is assumed that, through close interaction of the hippocampal complex with other cortical structures, the experience of an event is mediated and by this process multiple traces are formed over time. Nadel and Moscovitch (1997) proposed that older memories require more memory traces compared with recent memories and that successful retrieval is facilitated by a higher quantity of memory traces. Moreover, they assumed that episodic memories remain dependent upon continuing interactions between the hippocampal complex and neocortex.
Long-term consolidation processes depend on the hippocampal complex. Therefore, Moscovitch and Nadel (1998) supposed extensive bilateral hippocampal lesions to be necessary to evoke dense autobiographical amnesia. However, as shown above, in some cases with isolated retrograde amnesia, various lesion sites could not be entirely explained by this model. Another hypothesis centres on frontotemporal networks sparing medial temporal regions as critical for remote memory access (e.g. Kroll et al., 1997) . In comparing the neuropsychological performance of two patients with combined bilateral temporopolar and pre-frontal damage with a patient suffering solely from bilateral prefrontal damage, Kroll et al. (1997) observed disproportionate retrograde memory deficits only in the patients with combined lesions. Emphasizing this regional combination (Kapur et al., 1992; Markowitsch et al., 1993a, b; Markowitsch and Ewald, 1997) , in light of corresponding results of functional neuroimaging studies in non-brain-damaged subjects (Fink et al., 1996) , the authors considered the temporofrontal junction area (e.g. fasciculus uncinatus) to be critical for retrieving old memories.
The syndrome of isolated retrograde amnesia can also be caused by psychogenic factors, such as psychic traumata and stress, and becomes even more complex when these psychological factors are considered. Within this group of patients, those with a clear psychogenic causation (Schacter et al., 1982; Bremner et al., 1995; Campodonico and Rediess, 1996; Markowitsch et al., 1997a, b; Costello et al., 1998) can be differentiated from others with possible or likely psychological aetiologies, combined with additional (manifest) organic brain injury. If neither psychogenic causation nor organic causation can be clearly identified or separated, the term 'functional retrograde amnesia' is often used to indicate metabolic changes in brain regions contributing to memory processes [see also De Renzi et al. (1997) and Markowitsch (1999) ]. A frequently observed combination of psychogenic and organic aetiologies for isolated retrograde amnesia is represented by patients with initial brain pathology but without enduring organic lesions (Stuss, 1993; Binder, 1994; Kopelman et al., 1994; Lucchelli et al., 1995) . Disproportionate and lasting retrograde amnesia is frequently described in mild head trauma patients without pathological signs in static neuroimaging (Barbarotto et al., 1996; De Renzi et al., 1997; Lucchelli et al., 1998; Mackenzie Ross, 2000) .
For instance, patient PA (Barbarotto et al., 1996) sustained a minor head trauma followed by isolated retrograde amnesia. Psychogenic and organic causation as well as deliberate simulation were discussed by the authors. CT and single photon emission computer tomography revealed no pathological signs and psychiatric evaluation gave no evidence of present or previous psychiatric disorders. Post-incidental clinical observations led to the assumption of a histrionic personality disorder and hysterical personality structures. Besides her retrograde amnesia, only multimodal short-term memory deficits were reported, accompanied by an intact anterograde long-term memory. PA complained of a loss of both semantic and episodic memories. However, neuropsychological assessment only revealed evidence of a severe loss of autobiographical memories. Semantic memory was also very poor, but indications for an implicit use of semantic knowledge were observed. The authors concluded that the presence of minor brain damage together with several psychogenic factors, a hysterical personality profile, emotional stress, possible secondary gain deriving from disease and intact implicit metamemory may all have contributed to the isolated retrograde amnesia.
A case with a more transient isolated retrograde amnesia was described by Papagno (1998) . Patient CL sustained a minor head injury caused by falling from a scaffold. CT and MRI were normal, EEG data showed irritative components in the left temporal region. Psychiatric evaluation revealed no psychiatric diagnoses, whereas in a clinical interview several episodes of emotional stress, including separation from his girlfriend 6 months prior to the accident, were ascertained. Besides his profound retrograde amnesia, his neuropsychological deficits included category-specific naming difficulties (living versus non-living things) and impaired verbal fluency. Learning ability, retrieval of postincident learned information, and the ability to relearn autobiographical data, were spared. The transient retrograde amnesia was defined by a total loss of semantic and autobiographical memories characterized by an absence of a clearcut temporal gradient. All aspects of retrograde amnesia and language impairment recovered spontaneously 10 days after the incident. Psychogenic and organic aetiology were discussed with respect to the idea of a mnestic block syndrome, proposed by Markowitsch (1996) . In his revised model of psychogenic and organic amnesia, Kopelman (2000a) described the contributions of organic and psychogenic/functional factors to cognitive disorders as interactive and of considerable variation.
Additional external and internal influencing factors acting on memory-relevant brain systems were established. These factors are comprised of learning experiences, current emotional state, personal semantic belief system, severe precipitating stress and 'normal' environmental input. The importance of careful assessment of all these factors is emphasized to provide a more comprehensive classification of patients with isolated retrograde amnesia on the continuum of organic and psychogenic/functional (namely hysterical/ unconscious and malingering/simulation) amnesia.
In conclusion, the nature of the syndrome of isolated retrograde amnesia has to be considered as multifaceted and heterogeneous in aetiology, brain lesion or pathology, and neuropsychological impairment. These conditions lead to marked difficulties in differentiating aetiologies, structural and functional neuropathologies, as well as in specifying a theoretical model capable of elucidating all contributing aspects. 
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